The paper follows Simar and Wilson's (2007) two-stage procedure to analyse the efficiency of the Malaysian banking sector. In the first stage, we employ the data envelopment analysis (DEA) method to compute the efficiency of individual banks during the period 1999 to 2008. We then use panel regressions to examine the impact of ownership on bank efficiency, while controlling for the potential impacts of contextual variables. The DEA results indicate an increase in efficiency over the sample period. The results from the panel regression suggest that productive efficiency is positively related to bank size, capitalisation, and foreign ownership. On the other hand, the publicly listed and government owned banks have been relatively inefficient in their intermediation function.
Introduction
As in other developing economies, the banking system plays an important intermediary role in the Malaysian economy (Sufian, 2009) . The banking sector controls most of the financial flows and accounts for more than 70% of the financial system's total assets. Therefore, knowledge of the underlying factors that influence the performance of the banking sector is essential for the managers of the banks, the central bank, bankers association, and other financial authorities to help them formulate policies to improve the performance of the banking sector.
The purpose of the present study is to employ the data envelopment analysis (DEA) method to examine the performance of the Malaysian banking sector. The present paper contributes to the present literature in several important ways. First, the paper attempts to empirically investigate the impact of foreign ownership on bank efficiency. The earlier evidence suggests that foreign owned banks tend to outperform their domestic bank peers in developing and transition countries, but not so in less developed countries (Claessens et al., 2001) . Within the context of the Malaysian banking sector, it is interesting to examine this issue on the account that some of the foreign owned banks operating in the country's banking sector originate from the less developed countries as well (e.g., Thailand and China).
Second, the paper attempts to examine the association between stock exchange listing (wider public ownership) and bank efficiency. The earlier studies by Havrylchyk (2006) find inconsequential difference in the efficiency between listed and non-listed banks in Poland. On the other hand, Perera et al. (2007) among others suggest that listed banks in the South Asian banking sectors have been relatively more cost efficient compared to their non-listed bank peers. In light of these inconsistencies, it is interesting to examine whether there is significant relationship between bank efficiency and stock exchange listing in a small developing market like the Kuala Lumpur Stock Exchange (KLSE).
Third, we seek to provide new empirical evidence on the impact of government ownership on the productive efficiency of banks operating in the Malaysian banking sector. In general, government ownership of banks has been characterised as inefficient (La Porta et al., 2002) , incompetent and corrupt practices (Shleifer and Vishny, 1994) , and poor performance and negative outcomes (Berger et al., 2005) . Furthermore, La Porta et al. (2002) point out that the negative outcome of political control of banks is more prevalent in developing countries where the financial systems are underdeveloped. In light of La Porta et al. (2002) argument, it would be interesting to examine whether the government owned banks are less efficient compared to banks with other ownership forms in a small developing country like Malaysia.
Finally, we employ two different estimating principles. The DEA method, which is one of the techniques we employ, is a non-parametric and oriented to the frontier rather than central tendency estimates (Cooper et al., 2006) . Unlike the previous studies focusing on the Malaysian banking sector (e.g., Habibullah, 2014a, 2014b; Sufian, 2011) , the present study adopts the more recent DEA bootstrap method proposed by Simar and Wilson (1998 , 1999 . Furthermore, following Banker et al. (2010) , Assaf et al. (2011) , and Tecles and Tabak (2011) among others, we also use the central tendency and parametric method to investigate the efficiency of the Malaysian banking sector, while controlling for the potential effects of contextual variables. In this way, we protect against the 'methodological bias' that could occur when only one method is used [see the exchange between Evans and Heckman (1988) and Charnes et al. (1988) ].
This paper is set out as follows: In the next section, we provide a brief review of the main literature. In Section 3, we outline the approaches to the measurement of efficiency change and data sources. In Section 4, we present the bias-corrected DEA results and the results from the panel regression analysis. Section 5 concludes the paper and offers avenues for future research.
Review of the literature
Since its introduction by Charnes et al. (1978) and Banker et al. (1984) , researchers have welcomed DEA as a methodology for performance evaluation. However, a large body of literature exists on banking efficiency in the USA [Berger and Humphrey (1997) , Berger (2007) provide excellent survey of the literature] and the banking systems in the western and developed countries (e.g., Siriopoulos and Tziogkidis, 2010; Brissimis et al., 2010; Tsolas, 2011, etc) . On the other hand, empirical evidence on the developing countries banking sectors, particularly Malaysia is scarce. To date, studies by Katib and Matthews (2000) , Ismail (2006), and Sufian (2009) are the most notable empirical research performed to examine the efficiency of the Malaysian banking sector.
By employing the DEA method, Katib and Matthews (2000) investigate technical efficiency of the Malaysian banking sector during 1989 to 1995. The results indicate that technical inefficiency in Malaysian banking was due to scale. They suggest that banks with more market power (measured by their ratio of deposits to market deposits) tend to exhibit higher technical efficiency. Matthews and Ismail (2006) examine the technical efficiency and productivity of the Malaysian banking sector during the period 1994 to 2000. They find that the foreign banks have exhibited higher efficiency levels compared to their domestic bank counterparts. The results suggest that the efficient banks are characterised by size, but not profitability or loans quality.
More recently, Sufian (2009) examines the impact of the Asian financial crisis on the efficiency of the Malaysian banking sector. He employed the DEA method and focuses on three major approaches namely the intermediation, value added, and operating approaches. The empirical findings clearly bring forth the high degree of inefficiency in the Malaysian banking sector, particularly a year after the Asian financial crisis. The results suggest that the decline in technical efficiency is more abrupt under the intermediation approach relative to the value added and operating approaches. The regression results focusing on bank efficiency and other bank specific traits suggest that efficiency is negatively related to expense preference behaviour and economic conditions, while bank efficiency is positively related to loans intensity.
Apart from the few studies discussed above, virtually nothing has been published to critically examine the impact of ownership on the efficiency of the Malaysian banking sector. Most importantly, despite its advantages over the traditional DEA method, none of these studies employs the Simar and Wilson (2007) method. In light of these knowledge gaps, this paper seeks to examine the impact of ownership (domestic, foreign, stock exchange listing, and government) on the efficiency of banks operating in the Malaysian banking sector.
Estimation of efficiency scores

Data envelopment analysis
There are two different frontier analysis methods normally employed to measure bank efficiency namely, the non-parametric and parametric methods (Berger and Humphrey, 1997) . The most commonly employed non-parametric methods are the DEA and free disposal hull (FDH), while the parametric methods are stochastic frontier approach (SFA), thick frontier approach (TFA), and distribution free approach (DFA).
This study employs the non-parametric DEA method, also known as mathematical programming approach to compute the efficiency of individual banks operating in the Malaysian banking sector. The method constructs the frontier of the observed input-output ratios by linear programming techniques [see Coelli et al. (1998) for a detailed review]. The linear substitution is possible between observed input combinations on an isoquant (the same quantity of output is produced while changing the quantities of two or more inputs) that is assumed by the DEA method.
To discuss the DEA method in more technical terms, let us assume that there is data on K inputs and M outputs for each N bank. For the i th bank, these are represented by x i and y i vectors, respectively.
where y is a vector of bank outputs, x is a vector of bank inputs, λ is a N × 1 vector of constants. δ > indicate that a bank is inefficient. The linear programming problem must be solved n times, once for each bank in the sample.
It is also worth noting that the DEA model can be estimated by using either the constant returns to scale (CRS) or the variable returns to scale (VRS) assumptions. For the purpose of the present study, we employ the VRS assumption, since the CRS assumption is valid if all banks in the sample are operating at the optimal level of scale. However, technological advances and regulatory changes may have different impacts across banks of different sizes. The VRS assumption permits modelling the entire range of technology (Assaf et al., 2011) . Wilson (1998, 1999) argue that DEA efficiency scores are strongly dependent on each other in the statistical sense. Thus, by using the DEA scores in a second-stage violates regression models assumption. They also suggest that the DEA efficiency score is a relative efficiency index and not an absolute one. To address this issue, Simar and Wilson (1998) propose a double bootstrap procedure, which enables consistent inference in the second-stage regression models. The bootstrap method is based on the idea of re-sampling from the original data in order to assign statistical properties for the quantities of interest. More recently, Simar and Wilson (2007) extend their approach to account for the impact of environmental variables on productive efficiency.
The bootstrap DEA method
1 Before illustrating their procedure, we first present the following model:
where ˆi δ is a bias corrected estimates of efficiency scores of bank i at time t, z i is a vector of environmental variables that explain the productive efficiency between banks under consideration and β refers to a vector of parameters with some statistical noise ε i . Simar and Wilson (2007) suggest that naïve regression models may lead to estimation problems due to correlation and dependency problems of the efficiency scores which may violate the regression assumption that ε i are independent of z i . The importance of the Simar and Wilson (2007) procedure is that it produces bias-corrected estimates of ˆi δ and therefore valid estimates of the parameters in the regression model. The process can be summarised as follows: 1 Calculate the DEA input-oriented efficiency score ˆi δ for each bank using the linear programming in (1). 6 Repeat the next three steps (a-c) B 2 times to obtain a set of bootstrap estimates
The maximum likelihood method is again used to estimate the truncated regression of
Use the bootstrap results to construct confidence intervals.
Data
We use annual bank level data of all Malaysian commercial banks over the period 1999 to 2008. The period of analysis can be considered as the pre-liberalisation period of the Malaysian banking sector. The variables are obtained from published balance sheet information in annual reports of each individual bank. The macroeconomic and financial markets indicator variables are retrieved from the IMF Financial Statistics (IFS) and World Bank World Development Indicators (WDI) databases. The total number of commercial banks operating in the Malaysian banking sector varies from 33 banks in 1999 to 22 banks in 2008 due to entry and exit of banks during the past decade. This gives us a total of 237 bank year observations. The sample represents the whole gamut of the industry's total assets. As in the most recent studies, (e.g., Isik and Hassan, 2003; Sufian, 2009; Assaf et al., 2011) , we adopt the intermediation approach. The intermediation approach views banks as financial intermediaries. Under the intermediation approach, banks primary role is to obtain funds from savers and convert them into loans for profit (Chu and Lim, 1998) . Banks are regarded to purchase labour, materials, and deposits to produce outputs such as loans and investments. The inputs considered are among others interest expense, non-interest expense, deposits, purchased capital, number of staffs (full time equivalent), and physical capital (fixed assets and equipment).
The present study adopts the intermediation approach for three main reasons. First, the study attempts to evaluate the efficiency of the whole banking sector and not branches of a particular bank. Second, researchers investigating the efficiency of banking sectors in developing countries generally opt for the intermediation approach over production or value added approaches (e.g., Isik and Hassan, 2003) . Third, Sealey and Lindley (1977) suggest that financial institutions normally employ labour, physical capital, and deposits as their inputs to produce earning assets.
Therefore, it is reasonable to assume that the efficiency of banks in terms of their intermediation functions is crucial as an effective channel for business funding. In this vein, Jaffry et al. (2007) point out that banks play an important economic role in providing financial intermediation by converting deposits into productive investments in developing countries. The banking sector of developing countries have also been shown to perform critical role in the intermediation process by influencing the level of money stock in the economy with their ability to create deposits (Mauri, 1983; Bhatt, 1989; Askari, 1991) . Table 1 Descriptive statistics for inputs, outputs, and input prices Accordingly, three inputs and three output variables are chosen. 2 The input vectors used are (X1) total deposits, (X2) capital, and (X3) labour, while, (Y1) total loans, (Y2) investments, and (Y3) non-interest income are the output vectors. Table 1 presents the summary of data used to construct the efficiency frontiers.
We include six bank specific variables in the regression models. We incorporate the ratio of loan loss provisions to total loans (LLP/TL) as an independent variable in the regression analysis as a proxy of credit risk. To recognise that banks in recent years have increasingly been generating income from 'off-balance sheet' businesses, we employ the ratio of non-interest income over total assets (NII/TA) in the regression analysis as a proxy measure of bank diversification into non-traditional activities. We include the ratio of non-interest expenses to total assets (NIE/TA) to provide information on the variations of bank operating costs. The variable represents total amount of wages and salaries, as well as the costs of running branch office facilities.
The loans market, especially credit to households and firms is risky. Henceforth, it is reasonable to expect higher returns on bank loans relative to other bank assets, such as government securities. To address this concern, we include the LOANS/TA variable as a proxy measure of bank liquidity in the regression models. We use the LNTA variable as a proxy of size to capture the possible cost advantages associated with size (economies of scale). The variable controls for cost differences according to the size of the bank. We incorporate the EQASS variable in the regression models to examine the relationship between efficiency and bank capitalisation.
The performance of banks is sensitive to macroeconomic conditions despite the trend in the industry towards greater geographic diversification and wider use of financial engineering techniques to manage risk. Generally, higher economic growth encourages bank to lend more, permits them to charge higher margins, and improves the quality of their loan assets. As GDP growth slows down during recessions, credit qualities tend to deteriorate and default rate increase, thus reducing bank profitability.
To address this concern, we use the gross domestic product (GDP) to control for cyclical output effects. We also account for macroeconomic risk by controlling for the rate of inflation (INFL). The CR3 (measured as the concentration ratio of the three largest banks in terms of assets) is entered the regression models as a proxy variable for the banking sector's concentration. The Z-Score (Z-SCORE) variable is used as a proxy of bank soundness. We also control for the impact of financial market development on bank efficiency. Following among others (Ben Naceur and Omran, 2011), we use the ratio of stock market capitalisation over GDP (MKTCAP/GDP) as a measure of the size of the equity market. Table 2 presents the summary statistics of the dependent and independent variables.
Empirical findings
Efficiency in the Malaysian banking sector
Panels A and B of Table 3 contains the VRS technical efficiency estimates of the domestic and foreign banks respectively. 3, 4 To conserve space, we do not report the original (non-bootstrap) DEA scores in the paper. 5 The results in Panel A of Table 3 clearly indicate that the mean technical efficiency of the domestic banks range from a low of 73.7% during the year 1999 to a high of 94.4% during the year 2002. During the period under study, we find that RHB Bank, Southern Bank, and EON Bank are the most technically efficient domestic banks. On the other hand, the least efficient domestic banks are Hock Hua (Sabah) Bank, Wah Tat Bank, and Sabah Bank. It is also worth highlighting that these three banks have failed and were acquired during the year 2000. The empirical findings to a certain extent support the findings by Sufian and Habibullah (2014a) . To recap, Sufian and Habibullah (2014a) find that the acquired Malaysian banks tend to be less productive relative to their acquirers.
Turning to examine the efficiency of the foreign owned banks, the empirical findings given in Panel B of Table 3 seem to suggest that the foreign banks have exhibited a mean technical efficiency (inefficiency) of 90.0% (10.0%). By examining the technical efficiency of each bank, we find that Bank of America, ABN-Amro Bank, and Bank of Nova Scotia are the least efficient foreign banks, while OUB Bank, OCBC Bank, and Bank of China are the most technically efficient foreign banks operating in the Malaysian banking sector. It is also interesting to note that the most efficient foreign banks in Malaysia originate from other Asian countries with similar language and culture providing support to the liability of unfamilianess hypothesis (see Berger et al., 2000) . To recap, the liability of unfamiliarness hypothesis posits that the weight of proximity is greater and more difficult to overcome for foreign banks headquartered in distant countries due to differences in market environments, languages, cultures, supervisory, and regulatory structures.
Table 3
The Unlike the earlier studies on the Malaysian banking sector (e.g., Sufian, 2009; Matthews and Ismail, 2006; Katib and Matthews, 2000) , the empirical findings from this study indicate that the domestic banks have been relatively more efficient compared to their foreign bank peers. We attribute the difference to two main factors. First, the earlier studies cover the pre-Asian financial crisis period. And secondly, the earlier studies employ the more traditional DEA method resulting in a different conclusion.
Determinants of bank efficiency
An important understanding that arises after the computation of the efficiency scores is to attribute variations in efficiency change to bank specific characteristics and the environment in which they operate. Therefore, the following section proceeds with the discussions of the multivariate regression analysis results. By using the bias-corrected technical efficiency score as the dependent variable, we estimate the following baseline regression model: 
where ,i t δ is the bias-corrected DEA technical efficiency score, BankCharacteristics is a vector of bank specific characteristics, Ownership is a set of ownership dummy variables, ε is the error term, and the subscripts 'i' and 't' represents individual bank and time period, respectively.
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Columns 1 to 5 of Table 4 present the bootstrap regression results. The empirical findings seem to suggest that the coefficient of the NII/TA variable is always positive, implying that Malaysian banks which derive a higher proportion of its income from non-interest sources tend to report higher efficiency levels. However, the result should be interpreted with caution since the coefficient of the variable is only statistically significant at the 10% level and when we control for the macroeconomic and market condition variables and the publicly listed banks in the regression models.
During the period under study, the estimates show that technical efficiency increases with size, a fact that support the results of Hauner (2005) among others. Hauner (2005) offers two potential explanations for which size could positively influence bank efficiency. First, if it relates to market power, large banks should pay less for their inputs. Second, there may be increasing returns to scale through the allocation of fixed costs over a higher volume of services, or efficiency gains from a specialised workforce.
We find that the level of capitalisation (EQASS) positively influences the efficiency of banks operating in the Malaysian banking sector, providing support to the argument that well capitalised banks face lower costs of going bankrupt, thus reduce their cost of funding. Furthermore, strong capital structure is essential for banks in developing economies, since it provides additional strength to withstand financial crises and safety for depositors during unstable macroeconomic conditions (Sufian, 2009) . Moreover, lower capital ratios in banking imply higher leverage and risk and therefore higher borrowing costs. Thus, it is reasonable for the better capitalised banks to exhibit higher efficiency levels. Table 4 Panel bootstrap and OLS regression analysis Notes: The dependent variable is the bias-corrected technical efficiency derived from the DEA method. LLP/TL is a measure of bank's credit risk, calculated as the ratio of total loan loss provisions divided by total loans. NII/TA is a measure of bank's diversification towards non-interest income, calculated as total non-interest income divided by total assets. NIE/TA is a measure of bank management quality calculated as total non-interest expenses divided by total assets. LOANS/TA is a measure of bank's loans intensity calculated as the ratio of total loans to bank total assets. TA is the size of the bank's total asset measured as total bank assets. EQASS is a measure of banks capitalisation measured by banks total shareholders equity divided by total assets. GDP is the gross domestic product. INFL is the rate of inflation. CR3 is the three largest banks asset concentration ratio. Z-SCORE is a proxy measure of the banking sector's risk to default. MKTCAP/GDP is the ratio of stock market capitalisation and serves as a proxy of financial market development. DUMFORB is a dummy variable that takes a value of 1 for foreign banks, 0 otherwise. DUMPUBL is a dummy variable that takes a value of 1 for publicly listed banks, 0 otherwise. DUMGOVT is a dummy variable that takes a value of 1 for government links banks, 0 otherwise. Values in parentheses are z-statistics. ***, **, and * indicates significance at 1%, 5% and 10% levels. The dependent variable is the bias-corrected technical efficiency derived from the DEA method. LLP/TL is a measure of bank's credit risk, calculated as the ratio of total loan loss provisions divided by total loans. NII/TA is a measure of bank's diversification towards non-interest income, calculated as total non-interest income divided by total assets. NIE/TA is a measure of bank management quality calculated as total non-interest expenses divided by total assets. LOANS/TA is a measure of bank's loans intensity calculated as the ratio of total loans to bank total assets. TA is the size of the bank's total asset measured as total bank assets. EQASS is a measure of banks capitalisation measured by banks total shareholders equity divided by total assets. GDP is the gross domestic product. INFL is the rate of inflation. CR3 is the three largest banks asset concentration ratio. Z-SCORE is a proxy measure of the banking sector's risk to default. MKTCAP/GDP is the ratio of stock market capitalisation and serves as a proxy of financial market development. DUMFORB is a dummy variable that takes a value of 1 for foreign banks, 0 otherwise. DUMPUBL is a dummy variable that takes a value of 1 for publicly listed banks, 0 otherwise. DUMGOVT is a dummy variable that takes a value of 1 for government links banks, 0 otherwise. Values in parentheses are z-statistics. ***, **, and * indicates significance at 1%, 5% and 10% levels.
Table 4 Panel bootstrap and OLS regression analysis (continued)
In contrast to Sufian (2009) who employs the standard DEA and a multivariate Tobit regression analysis, the empirical findings from this study indicate that credit risk (LLP/TL), overhead expenses (NIE/TA), and liquidity (LOANS/TA) are not statistically significant in explaining the variations in the efficiency of banks operating in the Malaysian banking sector.
Turning to the impact of macroeconomic and financial market conditions, we find that the coefficient of the GDP variable is negative. The result to a certain extent provides support to the view that high economic growth improves business environment and lowers bank entry barriers. This would result in competition to intensify and consequently dampens banks' profitability (Liu and Wilson, 2011) . The results however should be interpreted with caution since the coefficient of the variable is only statistically significant at the 10% level and when we control for the publicly listed banks in the regression model. Concerning the impact of banking sector's concentration, it can be observed that the coefficient of the three banks concentration ratio (CR3) exhibits a positive sign and is statistically significant at the 1% level in all regression models. The empirical findings clearly lend support to the structure-conduct-performance (SCP) hypothesis of Molyneux et al. (1996) which states that banks in a highly concentrated market tend to collude and therefore earn monopoly profits.
Interestingly, we find that the impact of banking sector risk (Z-SCORE) is positive. The result is in consonance with the findings of among others Boyd and De Nicolo (2006) lending support to the stringent capital requirements of Basel III. From the policymaking point of view, the findings seem to call for a more effective policymaker's role in reducing excessive bank risk exposures and at the same time induce a more efficient risk management by banks. It can be observed from Table 4 that the impact of stock market capitalisation (MKTCAP/GDP) is negative on the efficiency of Malaysian banks (statistically significant at the 1% level in all cases). The results clearly advocate that during the period under study, the Malaysian stock market serves as a substitute rather than complementing products and services banks offer to their customers.
Bank ownership and efficiency
Banks of different ownership forms may react differently to the same efficiency determinants. Thus, in the following section, we repeat equation (3) to include FORB (a dummy variable that takes a value of 1 if a bank is a foreign bank, 0 otherwise), PUBL (a dummy variable that takes a value of 1 if a bank is listed on the stock exchange, 0 otherwise), and GOVT (a dummy variable that takes a value of 1 if a bank is a government owned bank, 0 otherwise) to examine the impact of foreign ownership, stock exchange listing, and government ownership on bank efficiency respectively. Columns 3 to 5 of Table 4 present the results.
As expected FORB enter the regression model with a positive sign and is statistically significant at the 5% level (column 3 of Table 4 ). The results imply that the foreign owned banks tend to be more efficient relative to their domestically owned bank counterparts. This should come as no surprise because of the ability of the foreign owned banks to capitalise on advanced risk management systems and operational techniques. The findings also lend support to the notion that the technical savvy of the foreign owned banks generally overcome the home field advantage of the domestic banks particularly when the domestic economy has relatively unsophisticated financial markets and institutions.
The empirical findings given in column 4 of Table 4 indicate that the coefficient of PUBL is negative (statistically significant at the 1% level). Within the context of the Malaysian banking sector, the empirical findings seem to suggest that the publicly traded banks tend to be relatively inefficient relative to their privately owned bank counterparts. Although the market discipline hypothesis suggests that banks whose shares are publicly traded should exhibit higher efficiency, the empirical findings from this study seem to suggest that the Malaysian capital market has not exerted discipline over bank managements.
Finally, we find that the coefficient of GOVT is negative and statistically significant at the 10% level (column 5 of Table 4 ). The empirical findings to a certain extent lend support to the 'political' theory of government ownership of firms (see La Porta et al., 2002) . The theory posits that governments acquire control of banks to provide employment, subsidies, and other benefits to supporters (Shleifer and Vishny, 1994) . La Porta et al. (2002) point out that the negative outcome of political control of banks is more prevalent in developing countries where the financial systems are underdeveloped and countries with weak property rights because the government does not need to compete with the private sector for source of funds. In essence, La Porta et al. (2002) characterised government ownership of banks as inefficient, incompetent, and corrupt.
Robustness checks
In an important development, Banker and Natarajan (2008) provide statistical foundation that the use of a two-stage procedure involving DEA followed by an ordinary least square (OLS) regression yields consistent estimators of the regression coefficients. Likewise, McDonald (2009) provides statistical proof that the use of DEA and OLS is a consistent estimator. Furthermore, McDonald (2009) suggests that White (1980) heteroskedastic consistent standard errors allows for large sample tests to be performed which are robust to heteroskedasticity and the distribution of the disturbances. Following Banker et al. (2010) and McDonald (2009) among others, we re-estimate equation (3) by using the OLS method with White (1980) heteroskedastic consistent standard errors. The results are given in columns 6 to 10 of Table 4 .
It is worth noting that all the regression models perform reasonably well with most of the baseline variables coefficients stay the same: they keep the same sign, the same order of magnitude and they remain significant as they were so in the baseline regressions (albeit sometimes at different levels). It is interesting to note that the coefficient of the NII/TA variable is statistically significant in the baseline regression model and when we control for the macroeconomics and financial market conditions in the regression model. The empirical findings seem to suggest that the coefficient of the NIE/TA variable becomes statistically significant when we control for foreign owned and publicly listed banks in the regression models (columns 8 and 9 of Table 4 ). We also find that the coefficient of the GDP variable has statistically significant impact in all regression models.
Additional robustness checks
To further check for the robustness of the results, we perform several other sensitivity analyses. First, we restrict our sample to banks with more than three years of observations. All in all, the results remain qualitatively similar in terms of directions and significance levels. Finally, we address the effects of outliers in the sample by excluding the top and bottom 1% of the sample. The results continued to remain robust in terms of directions and significance levels. To conserve space, we do not report the results in the paper, but are available upon request.
Concluding remarks
The present study investigates the efficiency of the Malaysian banking sector during 1999 to 2008. We compute the efficiency of individual banks by using the DEA method. We employ panel regression analysis to examine the impact of ownership on bank productive efficiency, while controlling for other bank specific traits such as size, profitability, capitalisation, and credit risk. The empirical findings from the DEA method indicate an increase in efficiency of the Malaysian banking sector over the sample period.
The results from the panel regression analysis suggest that productive efficiency is positively related to size, non-interest income, and capitalisation. The empirical findings seem to suggest positive impact of the banking sector's concentration and risk on the efficiency of banks operating in the Malaysian banking sector. During the period under study, the impact of stock market capitalisation seems to be negative on Malaysian banks' technical efficiency, implying that the Malaysian stock market offers substitution possibilities, rather than complementing the products and services offered by banks to borrowers in Malaysia.
We find that productive efficiency is positively related to foreign ownership. The empirical findings seem to suggest that technical efficiency is negatively related to stock exchange listing, implying that the Malaysian capital market has not exert discipline over bank management, therefore rejecting the market discipline hypothesis. Likewise, the result from the panel regression analysis indicates a negative relationship between efficiency and government ownership of banks.
Due to its limitations, the paper could be extended in a variety of ways. First, the scope of this study can be further extended to examine changes in cost efficiency over time. Second, future research into the efficiency of the Malaysian banking sector could also consider the production function along with the intermediation function. Third, investigation of changes in productivity over time as a result of technical change or technological progress or regress by employing the bootstrap Malmquist productivity index (MPI) could yet be another extension to the paper.
Despite these limitations, the findings of this study are expected to contribute significantly to the existing knowledge on the operating performance of the Malaysian banking sector. Nevertheless, the study has also provided further insight to the bank's specific management as well as the policymakers with regard to attaining optimal utilisation of capacities, improvement in managerial expertise, efficient allocation of scarce resources, and the most productive scale of operation of the banks in the industry. This may also facilitate directions for sustainable competitiveness of Malaysian banking operations in the future.
